Although there is a general perception that, as the older population grows in number, more are undergoing surgery, there are few data on trends in major resections for cancer and short-term outcomes in this group. METHODS: The Nationwide Inpatient Sample was (NIS) used to estimate the national trends of major upper abdominal resections (esophagus, stomach, liver, pancreas) for cancer in octogenarians (aged 80 years) from 2001 to 2011. Resection rates performed per year were incidence-adjusted within this age group for each cancer type as determined by the NIS database. Joinpoint regression was used to calculate average annual percentage changes (AAPC) when evaluating trends over time. RESULTS: During the study period, octogenarians underwent an estimated 30,356 upper abdominal organ resections for cancer in the United States, representing 3.8% of all cancer admissions among octogenarians. Resection rates in octogenarians increased significantly over time (AAPC, 2.54; P < .001) secondary to increasing trends in pancreatic (AAPC, 11.52; P < .001) and hepatic (AAPC, 6.67; P < .001) resections. Elixhauser comorbidity index scores increased from a mean of 3.61 to 4.20 (AAPC, 1.31; P < .001), whereas inpatient mortality during this time decreased from 13.6% to 8.2% (AAPC, 5.58; P < .001). CONCLUSIONS: Overall rates of major upper abdominal cancer resections in octogenarians are increasing over time, driven by increases in liver and pancreatic resections. These increases were observed despite a less favorable patient morbidity profile over time. These patterns may suggest shifting selection criteria for octogenarians undergoing major abdominal surgery over time in the context of diminishing postoperative mortality. Cancer 2018;124:125-35. V C 2017 American Cancer Society.
INTRODUCTION
Octogenarians (patients ages 80 years) have traditionally been considered at higher risk for major surgical procedures, including various types of cancer resections. This particular population is growing rapidly, with current forecasts estimating an increase in the population aged 85 years older from 1.7% of the population (5.4 million individuals) in 2008 to 7.5% of the population (projected, 27-35 million individuals) by 2050. 1 Likewise, it is estimated that adults aged 75 will increase from 18.7 million (6.1%) in 2010 to a projected 33.3 million (11%) by 2030. 2 The older population is also at the higher risk of developing cancer, with 60% of new diagnoses of malignancies occurring in those aged 65 years. 3, 4 However, data reporting specific trends and outcomes in octogenarians with regard to major abdominal operations for cancer are relatively lacking. Characterization of such trends may be particularly important to help identify changes in selection criteria for surgery in this growing older adult population.
Several recent studies have demonstrated similar postoperative outcomes in older adult patients compared with younger cohorts. [5] [6] [7] [8] [9] Specifically, whereas morbidity rates have been variably reported across age groups, similar postoperative mortality rates have been observed among older adult patients with pancreatic, 5 colon, 6 esophageal, 8 and hepatocellular carcinomas 7 compared with younger patient cohorts. In the context of these improved perioperative outcomes, it appears that age has become a less stringent selection criterion for patients undergoing major abdominal surgery. Therefore, further investigation into ongoing trends in major operations among the growing octogenarian population is warranted.
We sought to better characterize surgical trends for octogenarians undergoing major upper abdominal operations for cancer over time using a large national database. Moreover, our objective was to investigate temporal variation in patient factors with respect to comorbidities and identify any changing trends in patient selection. We hypothesized that there would be an increasing number of surgeries performed in octogenarians over time, although these patients have a less favorable comorbidity profile.
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MATERIALS AND METHODS

Patient Cohort Selection
The Nationwide Inpatient Sample (NIS) was queried for patients aged 80 years who underwent major abdominal operations of the esophagus, stomach, liver, and pancreas from 2001 to 2011. The NIS, which is maintained by the Healthcare Cost and Utilization Project, is the largest available national public inpatient health care database in the United States. 10 Before 2012, the database was composed of a sampling of hospitals with data on all discharges from each hospital recorded. Subsequently, the sampling was redesigned to capture a proportion of discharges from all hospitals participating in the Healthcare Cost and Utilization Project. Weighted estimates of the sampling account for greater than 35 million hospitalizations throughout the country per year.
Major operations by organ were classified by procedure codes using the International Classification of Diseases, ninth edition, procedure coding system. The NIS database captures up to 25 possible diagnoses and 15 procedures per admission record. Subsegmental/wedge resections of the stomach and liver were excluded from the study to identify a more homogeneous cohort of patients who were undergoing comparable procedures with regard to levels of invasiveness and morbidity. For inclusion as a major abdominal operation, organ-specific resections were categorized as follows: esophagus, codes 42. 4 Only those patients who underwent a major organ resection and had a concordant cancer diagnosis of the same specified organ were considered within the cohort of "major operations for cancer." Patients who underwent liver resection and had a diagnosis of secondary malignancy were included; however, those who underwent major resections of more than 1 organ or who had cancer diagnosis in multiple sites were excluded. Notably, colon and rectal resections were not included in this study. This was primarily because of extreme variation in procedure coding of operations performed for these primary sites, particularly with the advent of minimally invasive procedures, and extensive overlaps between colon and rectal diagnoses and resections and between colon and/or rectal resections with other major organ resection.
Outcomes Analyzed
The primary study outcome was operations performed per year of data collection. The NIS data set was expanded to represent national estimates using the designated weights for hospital identification provided by the NIS. National estimates were then adjusted according to the annual incidence reported for each cancer type in individuals aged 80 years as determined by the NIS data set. Additional age-adjusted incidence rates of cancer diagnoses per 100,000 individuals in the United States were calculated using annual incidence rates, as reported in the Surveillance, Epidemiology, and End Results (SEER) registry for the United States, with the year 2001 as the referent year.
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Secondary outcomes of interest included inpatient mortality and rates of elective procedures performed; both of these variables are provided within the NIS data set. In addition, the mean numbers of comorbidities according to the Elixhauser index and hospital volumes for cancer operations were computed. The Elixhauser comorbidity index is a metric of comorbidity using dichotomized International Classification of Diseases diagnoses based on the 30 categories set forth by Elixhauser et al, which were identified as significant predictors of postoperative outcomes, including inpatient hospital mortality. 12 Highvolume centers were defined as hospitals that performed operations for cancer within the top decile (90th percentile) of total volume. All other hospitals were considered low-volume centers.
Joinpoint Regression Analysis
To determine significant changes in trends of major operations for cancer in octogenarians over time, joinpoint regression was used. This analysis is a technique to identify changes in data trends across a continuous independent variable (ie, time) and to calculate the annual percentage change (APC). 13 The software program, which is readily available from the SEER website, has the capacity to fit multiple regression lines that connect at 1 or more "joinpoints" where a statistically significant change in trends occurs at a given interval. 14 In the current study, with a relatively short time span of 12 years, the joinpoint regressions were restricted to a maximum of 1 joinpoint per analysis. For regressions in which a joinpoint was identified, the average APC (AAPC), which is defined as Original Article the weighted average change across the study period, was reported. For those regressions in which a joinpoint was not identified, the APC was equal to the AAPC. For each regression, P values associated with the APC and AAPC represent the likelihood that a trend is significantly different from 0 (the null hypothesis that there is no trend is rejected).
For all analyses, P values < .05 were considered statistically significant. All data were transferred from the NIS data set into STATA format using SAS statistical software (version 9. 
RESULTS
Patient Cohort Characteristics
From 2001 to 2011, there were an estimated 798,104 hospital admissions for cancer of the esophagus, stomach, liver, and pancreas among octogenarians in the United States. During this time, 3.8% (n 5 30,356) of these patients underwent major abdominal resections of the associated organ on the same admission. Patient characteristics for octogenarians who underwent cancer resections are displayed in Table 1 . Almost one-half of these patients were women (49.1%), and the mean patient age was 83.5 years (median, 83 years). The mean number of Elixhauser comorbidities was 3.92, and the proportion of procedures that were designated as elective was 71.3%. Among the organ sites of interest for this study, the most common operation was gastrectomy (n 5 16,855; 55.5%), followed by pancreatectomy (n 5 8458; 27.9%), hepatectomy (n 5 4664; 15.4%), and esophagectomy (n 5 2042; 6.7%). Sex distribution and mean age varied slightly by organ resection type.
Trends in Major Operations for Cancer in Octogenarians
National estimates for cancer admissions of the 4 cancers under investigation are illustrated in Figure 1 . Within the NIS database, the overall cohort, including octogenarians who had admissions for any of the 4 cancer diagnoses, increased over time (AAPC, 1.94; P < .001), driven in large part by malignancies of the pancreas (AAPC, 3.48; P < .001), liver (AAPC, 1.98; P < .001), and esophagus (AAPC, 2.19; P < .001). Likewise, major operations for any of these cancers also increased significantly among octogenarians (AAPC, 2.54; P < .001), as illustrated in Figure 2 , although resections for esophageal cancer did not increase significantly (AAPC, 1.01; P 5 .50), and gastric resections decreased significantly over the study period (AAPC, 2.89; P < .001). Consequently, the overall trend was a result of significant increases in pancreatic and hepatic resections (pancreatic: AAPC, 11.52; P < .001; hepatic: AAPC, 6.67; P < .001).
When adjusting for the increases in cancer diagnoses among all octogenarians in the NIS database, the overall trend of major operations in this population did not change significantly overtime (AAPC, 0.45; P 5 .60) (Fig. 3) . However, the increase in rates remained significant after cancer incidence adjustment for pancreatic resections, which demonstrated a 2.7-fold increase (AAPC, 7.73; P < .001), and hepatic resections, with a 1.7-fold increase (APC, 4.64; P < .001), over the course of the decade. For hepatic resections, these increased adjusted trends were driven by increases in resection for primary hepatic neoplasms (AAPC, 7.05; P < .001), although incidence-adjusted rates of liver resection for secondary liver neoplasms also increased, but not significantly (AAPC, 2.98; P 5 .10). For pancreas resections, a significant increase in pancreaticoduodenectomies (Whipple procedures) was observed (AAPC, 12.77; P < .001) as well as a significant increase in distal pancreatectomies, although to a slightly lesser degree (AAPC, 12.27; P < .001).
Trends in Elixhauser Comorbidities
Among all octogenarians who underwent resection for malignancy over the study period, the mean Elixhauser comorbidity index increased significantly from 3.61 to 4.20 (AAPC, 1.31; 95% confidence interval [CI], 0.9-1.7; P < .001) (Fig. 4) . Patients who underwent gastrectomy had the highest mean Elixhauser comorbidity index score (4.06). Octogenarians undergoing hepatic resection demonstrated the largest increase in mean comorbidities over time, from 3.28 to 3.99 (AAPC, 2.28; 95% CI, 1.3-2.3; P < .001). Significant increases in comorbidities over time were also demonstrated among patients who underwent pancreas resection (AAPC, 1.62; 95% CI, 0.9-2.4; P < .001) and those who underwent major stomach resection (AAPC, 1.39; 95% CI, 0.9-1.9; P < .001).
Trends in the Inpatient Mortality Rate
The overall inpatient mortality rate was 10.6% for all octogenarians who underwent major operations for malignant neoplasms. The highest mortality rate (15.2%) was observed among octogenarians who underwent esophagectomy, and the lowest mortality rate was (9.3%) observed among those who underwent hepatic resection. Trends in mortality rates for all major abdominal resections, and specifically for cancer resections, are displayed in Figure 5 . The mortality rate decreased significantly from 13.6% in 2001 to 8.2% in 2011 (AAPC, 5.58; 95% CI, 3.4-7.7; P < .001). These decreasing trends in mortality were influenced largely by significantly decreased mortality among those who underwent gastrectomies (AAPC, 5.38; 95% CI, 0.5-10.0; P < .001) and pancreatectomies (AAPC, 6.51; 95%CI. 3.2-9.7; P < .001).
Trends in Elective Operations for Cancer
Data on the elective nature of surgery were available within the NIS database only from 2002 onward; therefore, the referent year was adjusted for these analyses. Among octogenarians who underwent cancer resection, rates of elective surgery increased significantly over the study period from 63.7% in 2002 to 76.7% in 2011 (AAPC, 1.81; 95% CI, 1.2-2.5; P < .001). Although the majority of cancer resections performed in octogenarians during this period were elective regardless of cancer type, a significant increase over time was observed in elective pancreas resections, with a proportional increase from 61.7% in 2002 to 84.5% in 2011 (AAPC, 3.09; 95% CI, 2.0-4.2; P < .001). Total estimates of nonelective cases were variable, depending on procedure type, although the rates remained relatively static over time within each procedure. When considering mortality rates for all cancer operations in octogenarians stratified by the elective nature of operation, nonelective surgeries had higher rates for each year compared with elective surgeries (P < .001). Mortality rates within both elective and nonelective surgeries decreased significantly over time (elective: AAPC, 5.04; P < .001; nonelective: AAPC, 4.88; P < .001).
Comparison of High-Volume and Low-Volume Centers
Trends in surgical volume for cancer in octogenarians over time were further evaluated according to hospital volume by comparing high-volume and low-volume centers. High-volume centers were designated as follows for annual case load: esophagectomies, >16; gastrectomies, >20; hepatectomies, >33; and pancreatectomies, >27. High-volume centers accounted for 63.3% of pancreatic cancer resections, 62.6% of esophageal cancer resections, 60.9% of hepatic cancer resections, and 49% of stomach cancer resections among octogenarians. High-volume centers demonstrated significant increases in operations performed over time for pancreatectomies (AAPC, 21.56; 95% CI, 17.4-25.9; P < .001), hepatectomies (AAPC, 11.02; 95% CI, 6.1-16.2; P < .001), and esophagectomies (AAPC, 6.17; 95% CI, 0.7-11.9; P < .001). There was a nonsignificant decrease in major gastric resections performed at all high-volume centers (AAPC, 3.95; P 5 .10); but a significant decrease was observed within lowvolume centers (AAPC, 5.20; 95% CI, 1.3-8.9; P < .001). Trends in surgical resections stratified by hospital volumes are illustrated in Figure 6 . Significant increases in rates of operations for octogenarians performed at highvolume centers were noted for esophagectomies (AAPC, 7.50; 95% CI, 0.9-14.5; P < .001) and pancreatectomies (AAPC, 8.90; 95% CI, 3.9-14.2; P < .001), with joinpoints observed in 2003 and 2004, respectively.
DISCUSSION
It is important to quantify the magnitude of these demographic changes in surgical volume and to estimate the concomitant associated surgical risks as the population ages and the number of older adults undergoing operations for cancer increases. Several studies suggesting the expanding role of surgery in various capacities have been put forth, such as the increase in metastasectomy rates in various organs, 15 and expansions of operative criteria for metastatic disease of the liver and liver transplantation. [16] [17] [18] There are relatively few data on how improved surgical outcomes in octogenarian patients and the overall expansion of indications for surgery has specifically impacted the older adult population.
We observed that surgical volume among octogenarians is increasing significantly, especially for oncologic indications, even when adjusted for rates of cancer incidence within this age group. Specifically, major liver and pancreas resections for cancer volumes more than doubled within the study period. It is noteworthy that mortality rates across all major upper abdominal resections for cancer decreased, despite an increase in the mean number of Elixhauser comorbidities among octogenarians undergoing operations. Several recent institutional experiences in pancreatic and hepatic resections reporting on increasingly larger older adult patient cohorts with favorable outcomes are consistent with our findings. [19] [20] [21] [22] Moreover, recent studies demonstrating trends in increased volume and improved outcomes for major upper abdominal resections driven largely by high-volume centers are also concordant with our current results. 15, 23, 24 The observed trends likely can be explained by a combination of factors. First, the increase in the number of operations is largely explained by an increase in major elective surgeries of the pancreas and liver, suggesting an emboldened surgical approach in the setting of increasingly favorable mortality rates. It is worth noting that the observed rates of major liver resections for secondary hepatic neoplasms (metastases) increased, but the increase was not significant when the analysis was adjusted for the incidence of secondary hepatic neoplasms; whereas resections for primary hepatic malignancies increased significantly after adjustment for incidence. This finding may be a result of not capturing local excisions of metastatic lesions as well as the use of other liver-directed therapy modalities in the older adult population. Cancer-adjusted incidence of gastrectomies decreased significantly among octogenarians over the study period despite a decreasing mortality rate; this may reflect increasing use of nonsurgical therapies in this group and/or increasing recognition of the impact of quality of life or delayed morbidity from surgeries in this age group beyond the 30-day postoperative period. Further study may be warranted to better understand this trend. The decrease in mortality rates among octogenarians likely has many factors as well, and improved surgical techniques and perioperative care likely play an important role.
We identified significant increases in major operations for esophageal and pancreatic cancers specifically at high-volume centers, with each trend demonstrating a joinpoint in the period from 2003 to 2004, followed by more modest trend increases. Major hepatic resections among octogenarians at high-volume centers also increased from 54% to 65%, although the trend was not significant. This observation among high-volume centers for esophagectomies and pancreatectomies may be because of recent advances in minimally invasive procedures, with early adopters typically located at highvolume centers. [25] [26] [27] In addition, the steep increases in high-volume center rates correlate temporally with key landmark publications detailing improved outcomes for major cancer surgeries at high-volume centers, 28, 29 along with the institution of the Leapfrog Group in 2000, advocating for the concentration of certain complex operations (including esophagectomy and pancreatectomy) within high-volume centers. [30] [31] [32] These trends have important implications for the future of oncologic surgery in octogenarians. They support an increasing leniency in offering major surgical resections to older adult patients from the vantage point of increasingly favorable postoperative outcomes. More and more, advanced age, in and of itself, at best, is considered a relative contraindication for major oncologic resection. The ability to safely perform major abdominal operations in these patients may allow for significantly extended survival, and possible improvements in their quality of life compared with medical management. Thus, as the size of the older adult population increases across the nation, more focus may be placed on the management of their unique challenges in the perioperative and recovery periods. Older patients undergoing major operations are at increased risk of developing postoperative delirium. Furthermore, because of a general decrease in renal function and cardiopulmonary reserve among older patients, certain sequelae or complications are more likely, including volume overload, renal failure, pulmonary edema, and pneumonia. [33] [34] [35] [36] There are several limitations to this study that warrant discussion. The NIS database is not a comprehensive national registry of surgical procedures; and, as such, although it is intended to be a representative sampling, it may be subject to selection bias. (The NIS relied on a sample of hospitals participating in the Healthcare Cost and Utilization Project as a representation of all hospitals within the United States). Second, the NIS database maintains only 30 days of inpatient follow-up, limiting the ability to analyze long-term outcome measures, such as postoperative morbidity and mortality after 30 days and to determine oncologic survival outcomes in these patients. These outcome metrics may be particularly relevant in an older, more frail patient population. In addition, the analysis of these data relies on the accurate and consistent administrative coding of procedures. With the advent of electronic medical records during the period of this study, there may have been changes in coding patterns over time, with possible variations in cancer diagnosis coding. It should be noted, however, that the increasing trends observed in cancer resections among octogenarians were also observed in all surgical resections irrespective of cancer diagnosis, suggesting that the increase in cancer surgeries was not simply the result of changes in coding. The age-adjusted incidence rates for the octogenarian population were based on the overall incidence rates of admissions for cancer within the NIS database. Although these rates do not reflect the true national rates of ageadjusted cancer incidence, they were similar to the rates from the SEER registry reporting on cancer incidence per 100,000 patients within comparable age groups. 11 Although the current study, by its retrospective design, cannot provide causative explanations for the observed trends, it does raise important questions with respect to policy and health care allocations for the changing age demographics within the nation. Further study is needed to investigate the long-term impact of these major resections on the older adult population and to determine their value with regard to oncologic outcomes, quality of life, and short-term and long-term health care costs. Moreover, the changing morbidity index profile Figure 6 . Proportions of cancer operations performed at high-volume centers in octogenarians are illustrated according to the average annual percentage change (AAPC). Note that the slope of trend curve (Ù) represents a significant change over time (P < .001). A white circle represents a joinpoint within the trend curve at which the rate of increase in operations performed at high-volume centers significantly changes (P < .001).
identified over time among octogenarians suggests changing (and more lenient) patient-related selection criteria for these major resections, likely influenced by the increasing safety in the performance of these procedures. Additional study is warranted to investigate whether there have been changes in oncologic criteria for the selection of major surgical resections in these older adult patients, a question that cannot be answered by this database.
We have identified a consistent and significant increase in major abdominal surgery for cancer in octogenarian patients over the course of a decade, driven by substantial increases observed in pancreatic and liver resections. This trend appears to be driven largely by high-volume centers and is associated with consistent improvements in mortality rates despite surgery for patients with an increasingly unfavorable morbidity profile. These data may help inform decisions for resource allocation for the care of and study of this particular expanding subgroup of the population.
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